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(54) MAGNETORESISTANCE EFFECT ELEMENT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To make a lead gap 
narrower in a magnetoresistance effect element without 
deteriorating the characteristics of the element. 
SOLUTION: The magnetoresistance effect element has a 
magnetoresistance effect film 4-7 patterned in an 
arbitrary shape including at least one antiferromagnetic . 
substance layer 7 and magnetic shielding layers 2, 1 0 
disposed on the upper arid lower sides of the 
magnetoresistance effect film 4-7 by way of lead gap 
layers 3, 9, respectively. The antiferromagnetic 
substance layer 7 has a part 8 having a smaller 
thickness than other parts. 
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Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

2 SI**! 0 Um Th b , ee ". tr l f ns,ated b V computer. So the translation may not reflect the original precisely 
2.**** shows the word which can not be translated. « (nowwiy. 

3.1n the drawings, any words are not translated. 

DETAILED DESCRIPTION ~, . ... , . — 



[Detailed Description of the Inventionl 
[0001] ■ - - 



fh! f 1 1 ^ h ' Ch ,nvant,on belongs] this invention relates to the magnetoresistance-effect element which 
has the feature .n the structure for the lamination of the spin bulb film especially used for the read head ofWJtetir 
[0002]' ng m 38 3 disk drive (HDDX ab ° Ut 3 ^gnetoresistance-effect element ^ 6t ' C 

rec\ S nt ri ve a T s l?L«° r ^ 1" connec u tio u n with . the . rise of the need of the miniaturization of a hard disk drive unit in 
IL^L y ?u large-capac.ty-.zmg. h.gh-sensitivity-izing and detailed-ization are called for also from the read head 
. element wh.ch research and development of the hard disk drive unit in which high-density magnetic Snl 
poss.ble are furthered quickly, therefore constitutes a magnetic recording medium, and tte™^ ometrTc slnsor which 

K^SfiS BKS3SS5S (GMR) efFect that a big output was obtained by the ,ow "ASS-' HSE? 

ad 0 he"rT s Th e * ,C matel ,a * er \ nd wh «* ha - not been combined. In the poihtTafha^ 

^ are o 

£S£T? a , fre ^ (free) la Vf • wi » ~*ate freely in accordance with an external magnetic ^eTd *?m^za£n " 
JffSlT^SlS? 1 * ferr ° ma ^ etic la y- t0 which magnetization was fiTed. i.e.. a 'moSTSlSoS^, 

[0005] Since dispersion for which it depended on the spin of conduction electron depending on this angle difference 
3Z« h!i an - a, ^ n ° res,stance va, f cha "* es B V detecting this electric resistance value change a! a vSe value 
SSSir 8 current of a constant current the signal magnetic field from the situation i e. the 
22f c^h !k 9 g ? d,Um> f f an eXtemal ma e net,c field ^ acquired, and the magnetic-reluctance rate of chanee of 
rnnnli - m agnet.c-reluctance sensor becomes about about 5%. cnange ot 

10006 J The double spin bulb magnetic-reluctance sensor (refer to JP 6-223336 A)" is Drooosed h« IRM th» r t 

«f *pW of such a spin bulb magnetic-reluctance sensor ] and thfs dual doX) spin bute ™ C 

] a^d nas'ot^H 6 ? % ° Ut the ,ami " ati "g «* the spin bulb structure symmetrica I ytte center .[ a free layer 

[00071 lince^ fiv!n fiLw C ab * OUt ] t S u! ny ma g"otio-reluctance change as this by this composition. * 

SSSESS^J^ there was a prob,em * cou,d not use as an up pinned ,ayer - • bu.b 

SSredSS^"" 10 **™ LZ • 3 conventio ' 1al s P in bulb element and a conventional dual spin bulb element 

S«mi!n? 7 F . (a) / aference drawin S 7 < a > is *e rough important section cross section of the conventional spin bulb 

^ u- t' Um,nUm 2 °, 3 ° n the al ™um2 03-TiC substrate 41 used as the parent of a sKder The lower 
2nSn' er f 7 Wh u Ch u ° 0nS,StS ° f f N i Fe all0y etc throu S h a film « is formed, subsequently aluminum 203 etc - the 
CH C °u S,StS ° f 3 CU interia y^ 46 who is the free layer 45 and non-magneticTyer which consist of 
4 - 3?he '2iJoJ^U^- ,hrt *J SbnJCtUre ° f Ni ? f " d - C ° Fe - CoFe ' etc - after fo ™' n * t^eloweHe ad lS fay r 
which consist of pSSfTJ IV made t0 CarrY OUt thelamina t i ng of the antiferromagnetic substance layer 48 
S^Slf^ - 3 S6rVeS 38 3 ma g net ores.stance-effect element is formed. 
LUU09J subsequently, after carry.ng out patterning of the magnetoresistance-effect element to a predetermined 
configurat.cn the electric : conduction film which consists of W or Au is deposited on S ends of a 
magnetores.stance-effect element - making — the lead electrode 49 - carrying out - subsequently - aeain - 
iT^n^ 3 et f C ' M"r fr ° m .~ the b u 3SiC Stmcture of a spin bu,b e,ement is completed by 2 Ju P shield tayer 51 
™££?7£nJ-e£^% etC ^ h ? Ugh * becomi "g "P laad «-P *W 50 In addition" the basic structure of f 
whifh fn/Li ♦ 5 element .s formed by heat-treating, where the 1st magnetic field and the 2nd magnetic field 
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SZSZ ^f.!i „~| Z b l *• up !Weld l,yor 51 " h "= h insists of% NiFe alloy «T CLh S 

[0014] In such a spin bulb element, the magnetization direction of pinned layers 47 and 53 is fixed in th» *• 
direction of the antiferromagnetic substance layers 48 and 52 respectively on\he o?h«r hU *k magnetization 

[0016] The interval d of the magnetic-shielding layer of the upper and lower sides of as ODDOse rf ♦„.«„, 

K Tl^d gt^aveTooseT fnTnt^'Zi^^ 43 *« UP ,ead 49 is ca ™ d the isolation 
COoSFon the othfr h^nH STlW 1, a " d th6 r e ^ S a l,m,tat '°" m *in. film-ization of a lead gap layer 
thirl. J • ™i oth l e . r ^ ,and - although thin-film-.z.ng of the antiferromagnetic substance layers 48 and 52 with the 

[002?] Theref ° re ' invention aims at narrow-gap-izing a lead gap. without degrading an element property 

™™ 73 ! refere "? e i 1 ^' 8 invention has at least one-layer antiferromagnetic substance layer 7 In the 
carried hES^SZ^ t™? wnich ,f on8i8ts <* magnetoresistance-effeTt fil^X iifch patj^g was 

Jgg^^&iSST^Asisa: Assess 

wSSJwS!; ^ 6 S "f^"** fr ° m * magnetic-recording medium in which could narrow the lead sao d anrf 
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substance layer 7 „a s eTme. I o^n. to on. iT.ddSjfrti? iLT™*"".? "'J"' and *' a « i '<»™™ S h.tic ■ 

laminating of th. plnn.d layer 6 „hioh SSto rfTSSSnh? nf^ t,oc,,mes ^ m <•» structure to whioh the 
antiferromagnetic substance layer 7 of {he toDmS^art ? a m^V" 06 - '? W by Sid f ° f 3 sub *trate 1 . or the 

!ooih of ** fo ™ ati °^ a ~ and * prepares in both - the 

iS^^ • - spin 

S^Slb a s^ *« Bering .ethod on the a,uminum2 

a film 12 deposit Thickness fonSTSSSS^^^^^^^ ♦u^*'™ el ? ct rolysis plating, after making 
the sputtering method is used indAS^Ss^C^^ E ? ?fs%* a?. '° Wer Shie ' d layer 13 ' subsequently 
'. as the lower lead gap layer 14 w,ckness « 500A (-50nm) aluminum 203. A film is made to deposit and it considers 

2E2£,?^ t Spin °ulb film impressing the magnetic field of 30Oe. The 

. free layer 16 and i£&Ei « £ 'e^mple ^SAC^^Z^ 0 ^^ ,5 ' Thickn * ss f ° r ^mple, the 40A NiFe 

thickness acts the laminating of the 25A 'i ToTnd t^SSS?" \V* 38 25A ° U int erlayer 18. and . . 

ntkefofc 

magnetization direction of the CoFe piSS taye 13 i fixed S 2di f fl ^ «" 6 fom,at '°"- since the 
is formed among both, and the free layer Is made into two-twZ t * ' ^ 6 f T ee ,ayer 17 used as a barrier layer 
and the NiFe free layers 16 ^oSSiTttS Cu'rSrlay^r iBk^Sh^^^-f 1 ^ between Cu(s) 
case may not arise. mtenayer 1 a .n a ^JU degree G heat treatment process in this 

SSSSl^^ using the resist pattern 21 as a mask, it 

configLr^oWca^ 2t - ^ operates orthopedica.ly in an element 

giving ion -illingus^ Ar°on by usngas^ substance layer 20 or the Ta film 15 by 

patterning of the photoresist pattern 23 formed by newly apply.ng and carrying out 

S ] pS SSSJ-g by the lift-off method using the 

con^^ 

STS^^^ ^ POt 3 d ° 0r and *• ,a ™ ati °" s -tion 22. about about 1 5% of narrow 

K^^^ PdPtMn antiferromagnetic substance 

of the CoFe pinned layer 19 becomes 'weaker ^T^^^i^ ? M ^ SQ 7f ng l ° lamina t'°n section 22 
CoFe pinned layer 19 is also compensaTd ^^S^S^S^^^ fixed force of the center section of the 
th* CoFe pinned layer 19 by «BSSff ^ S2?oS £ rTdK t^^^^ ° n an * ° f 

farm of operation ™ nirfactu ™* of th dual spin bulb element of the 

a film 12 deposit Thickness impressing thf San^telfS i Onn» °° e us,n ? s te ftion lectrolysis plating, after making 
the resist pattern 27 as the Z2"fter *ifcto^?fc^2 I a ^m using selection lectrolysis plating which used 

lay r 13 by for example. SoH&h of £ 0 ^5 5SS^£S -Th^T N ' FS S ? ^"/^iders as the lower shield 

« wiotn or rac is U.5 micrometers — it heaps up NiFe and th section 28 is fanned 
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subsequently Impressing the magnetic field I of 30Op aftL, ^"!- c on s,de rs as the lower lead gap layer 14. 

200A PdPtMn film is th^PdpSnT^ In' * 6 pottering method, a 

embeds the level difference by the section 28 °" 30 wh,ch heaps up NeFe and 

Kffi sH^nte^^ - After also removing simultaneously the 

magnetic field of 30Oe thickness The 50A PdP+Mn thi^Tri ™ e s puttenng method is used again, impressing the 
CoFe pinned layer 32 bS S^^^^^^^JT^^V^ thickness for example, for example, the 25A 
of a three-tiered structure w£ corSsts of a 25A CoFe fi^ 5^' example - the ^ Wf 34 

example, the 25A Cu interlayer 18 anc I Sickness carS fait IZ tL °* N,Fe *' m ( c and thickness For 
PdPtMn antiferromagnetic substance lS^M^^ta^^n3S5o^ l f e C f\^ ed ^ 19 and 
composition of NiFe is nickel81Fe19 also in th^cale and S„ « t ?^V° r 6 ^'l' 250A - one b V one - ln addition. 
PdPtMn is Pd3 1 Pt1 7Mn52 compos.tion of CoFe .s Co90Fe 10, and composition of 

SSdS ^sSp^jssSs^ frr oM T t ma r etic fieid which imp - ssed 

PdPtMn thin film sectio ,3 ^ SfcS^ < S3Srt^f a Th' B ^ f i^/^" **** Se ° tion 30 ' and the 
direct-current magnetic field of 100 kA/m of th* H*-^ J I 3 h ° UrS at 230 degrees C in a vacuum, impressing the 
impressed at the time of membrane I ^rt^ ain^ ma^S Perpendicularly with the magnetic field g 

fixed. In addition, the CoFe film used a™ rEanieHayeHs 3ared b^J'^^ 0 V f ?° Fe pinned ,ayers 19 and 32 is 
film, and the free layer 34 is made into the ^Tee-tiered structure so tit tV. C ^ nte ; ,a y ers « a " d 33 and a NiFe 
constitutes the Cu interlayers 18 and 33 Inal^d^reTch^Ltnl^n counter , dlffus '°" between Cu which 
constitutes the free layer 34 may not arise ZJ ^° egree U heat treatment process also in this case, and NiFe which 

P^i^& 3 5 ttft^S ? £7*£% 3 7|* ^own) as a mask like the 

leave only 20-1 00A only of 50A olflv of ? * operat,on of *• above (b) It ********** s so that it may 

SS^SSTSSSi of aVEKS a^Soma^Tt- f T?" ^^-"V " a " element configuration by carrying 
miHing using Ar ion b g y using -VSt*!?^^ P * tMn ^ SeCti °" 30 

patterning of the photoresist pattern tnot shown) formed by newly applying and carrying out 

mXo^sIng^ ° ne Pai 7 f lead e| eotrodes 24 by depositing 1 200A W film by 

aluminum 203 by the sputterin method A film i s m^i !T ^""■J?** subsequently Again, thickness is 500A 
subsequently When thfokness forms. 3 S^cTometer N^Fe fi.rjnd^ " C ,° nsiders as the up lead gap layer 25. 
S^^tJSr.*^ 3?^^^TT^J- - Shia ' d ,a - 2 * with selection 
layer ^ anu*tl^ -ction 22. and the lower shield 

it becomes 0=500+50+25+25+25+20+25+25+2^^ 28 was f o™ied Therefore, 

ZEST* With ^ thin layer-ized section 22 Tand^eTOA when ^£j^Sr b ° Ut 5** ° f narrow eap-ization is attained 
[0045] When the thin layer-ized section 22 it £ JT heaping up NiFe and not forming the section 28. 

layer 20 also in this case A^ouS ^dSct * ^ Pd ^ Mn ^ferromagnetic substance 

layer-ized section 22 of the CcfT&Z* ^T^bS^iS^T^^? °f. the « 9,d corresponding to the thin 
center section of the CoFe pinned layer 1 9 is also comS^t 2- ^ft'zat.on d.rect.on fixed force of the 
acting on the ends of the CoFe pinned "aver 1 9 hi ™h£h£ ac cord.ng to the magnetization direction fixed force of 
antif rromagnetic substanc layer 20 which has sufficient "Tl^ *° read '" ng in the ends of the PdPtMn 

32 is also received. Since the magnetizS on 5rU^fi»d^^rf ^"f ^ "* invp « ve : and CoFe pinned layer 
also compensated according to thVmametizSnXection fixed J ^ 99e *T ° f * e CoFe pinned '^r 32 is 
32 as for which bias was carried out to Sng by th^dPlM^MdkZ^^ ^V"*^?* C ° Fe P ' nned ,ayer 
does not involve, a property does not deteriorate 30 Wh '° h haS suffic,e nt thickness which 

2SSfctt£l" refem>,g 40 ~ ^ mod ' ficati on of the form of the 1st and operation of the 2nd of this 

sss :r b°u f ,b ope h rai H on of the ;i t ° f this a - d * is 

substance layer in the substrate side and to fem «!* of f * e »f ,n b ulb w b.ch prepared the antiferromagnetic 

fxawing^ (a) in the form of the 2nXe4t ^ formation of a ** lead g a g p in 

formation process of the section 28 and the PdPtMn thtlf Ik I ^'ob h .eaps up, should just use the 

form of the 1st operation of the above 33 * ,S ' and ,s obtained NiFe is the same as the 

modifil^ than t, e (t rf ^ ^ operatjon 

head which uses thf u , shie d layer 26 as a lower SLSS'S! f ^ ^ Ca " be C3rried out whe ^» inductive 

constitotes the compound-die JL^XSSZ£i USSZ ^^l^^^^ 

K ^SWri^ — *»nn of op eration of the 2nd of this invention 

250A PdPtMn antiferromagnetic mSSS^l^sZ^S^l P T ^ e C ° Fe pinned ,ayer 32 aftBr ma king the 
that of the form of the above-men^ shou djust mak it be complet ly the same as 

and forming the section 28 operauon of th 2nd on th low r lead gap layer 1 4 NiF . without heaping up 

SL^^ f T 2 " d ° p ^ in *b« -se of the 

of the 2nd op ration ] operation, the effect of the formation of a ** lead gap serves as half [ of the form 

cTnSeYaTT 8 ^ f!** S6Cti0f1 j " p " ^ d e of the PdPtiMn 
may be prepar d in the PdF^n an£l™^ t * SP ,' n bU ' b ,ement In the case of drawing 6 (b). it is what 
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not restricted to the composition indicated Tthe form of e?rh It ^' invention has been explained, this invention is 
For example, in explanation of the fo^of eaJhtbo^elt^T^^ ^,7°!!!^ ° f change is «> ossible *>r it 
ordered-alloy type antiferromagnetisrmatenal as an ^feZ^Zt k f """"P PdPtM " which is Mn svste <" 
need to be Mn system order d^alloy ty™Se™™ Used IrMn which d ° e * ™t 

antiferromagnetism material may not £Z2£*£^^ a, i°V type 

iKre^ 

composition ratio suitably' as NiFe CoFe and PdPtMh i?thJ °f«™ „f com P°^ ,on rat 'o and just to choose a 

■^^^ 

antiferromagnetic substance and ] P * ""'"^ forTn ° f °P era «on also as a ferromagnetic and the 

.832 V^ZStS2?£Si ^Ts^n ISlsTo^ed 0 ^ NiF /- although selecti - 

the convex structure may be P forLd by 4^^^ t0 ejection electrolysis plating and 

us** a maskfor *• ,ower shie,d ^ made to dfptit rnorss ,on g us,ng Ar ion - using a resist 

Kt*el^ -tt-gh th. ,PdPtMn thick section 30 is 

a front face may become abbreviation Ke?s You mav form n»2 ° d b f a Pd *Mn film is thickly formed so that 

Polishing) processing, further Etchback ; oTa CMP 1,« X * pe * orm <?e etchback or CMP (Chemical Mechanical 

film section whose thickness ifabouTsOA remain P St ° P ' e " ° n and you may make * the PdPtMh thin 

L0056J 

Setif ££52? iSSiSSS^ S£ SkT' C * J " < aad gap, without deteriorating 

substance layer which ^tt"a Min^K^n^ t0 * e ^ ad ' n « fie!d of *«» antiferromagnetic ' * 

invention, and using the ma^rtortsisSnce-^ with other portions according to this 

contributes to the spread ofthe HDD epuTpmenfoftS ^ord^ SffirnS^ ^ reS ° ,Uti ° n - ** * M 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

*° transition may not refect the oHginai precise., - 

3 in the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 



_ wwv , , KUVII Wl u ic L^rdwcngsj 

r DrawIn^ £ exp ! ana . to ^ j™""* °_ theoretic composition of this invention 

spin bulb element of the gestalt 

P — *T «^ * *» "u.b element of the 
SSafo^p^ P—ss to the middle of the dua. spin bu.b element of the 

ps^p^oT^nJlf ^ehtr^" 5 PrOCCSS after te^ of the dua. spin bu.b e.ement of the 
g^6j It is exp.anatory drawing of the modification of the gesta.t of the 1st and operation of the 2nd of this 
fewinfal \ t ^ P | ana * 0rv J™!"* of the conventional spin bulb element 
SSc^n^NrtaSr * ** re ' ati ° n betWeen a ,ead * ap a " d — ** density. 



1 Substrate 

2 Magnetic-ShieldingLayer 

3 Lead Gap Layer 

4 Free Layer 

5 Non-magnetic Layer 

6 Pinned Layer * . 

7 Antiferromagnetic Substance Layer 

8 ClosingHn Section 

9 Lead Gap Layer 

10 Magnetic-Shielding Layer 

1 1 Aluminum2 03-TiC Substrate 

12 Aluminum 203 Film 

1 3 Lower Shield Layer 

14 Lower Lead Gap Layer 

15 Ta Film 

16 NiFe Free Layer 

1 7 CoFe Free Layer 

1 8 Cu Interlayer 

1 9 CoFe Pinned Layer 

20 PdPtMn Antiferromagnetic Substance Layer 

21 Resist Pattern 

22 Lamination Section 

23 Resist Pattern 

24 Lead Electrode 

25 Up Lead Gap Layer 

26 Up Shield Layer 

27 Resist Pattern 

28 Heap Up NiFe and it is Section 

29 Resist Pattern 

30 PdPtMn Thick Section 

31 PdPtMn Thin Film Section 

32 CoFe Pinned Layer 

33 Cu Interlayer 

34 Free Layer 

35 PdPtMn Antiferromagnetic Substance Layer 

41 Aluminum2 03-TiC Substrate 

42 Aluminum 203 Film 

43 Lower Shield Layer 

44 Lower Lead Gap Layer 

45 Free Lay r 

46 Cu Interlayer 

47 Pinned Layer 

48 Antiferromagnetic Substance Layer 

49 Lead Electrode 

50 Up Lead Gap Layer 

51 Up Shield Layer 

52 Antiferromagnetic Substance Layer 

53 Pinned Lay r 



/2 



54 Cu Interlayer 

55 Magnetore si stance-Effect Element 

56 Magnetic-Recording Medium 

57 Record Bit 
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£a5ffi©^#<hg&£I^SgB£t£tt;fc Z t &&WLtTZ> 

m&m k> ssBfrfcfgtt zntz zt ^itt?) 10 
mim i mmomfs.t&tn.&izkmT „ 
mxm 3 ] ±mmn.m.mmm^ «±©«&tt , 
'm& 6>«c*7U-iv i ji «±©&ttfflt^ e. 

©KSHgtaj?**^. 
[0 0 0 1] 

dd> 9»iaESiaou- ^7 'HKffl^*^hr> . 

[0 0 0 2] 30 
[«£*©£$&] H*©/\— F.5*<f.Xf*»©*fflfc. * 

a- f ^ x ? gsww^ss^«.3itcjiie) e nt* 

m^®ta (gmr) ®&*®Lmi,Tz.m%-t>-*t>m i &iE 

[ooo 3] mx.Us i BMJc«to rxtf> • win 
&mm<Dm%.&m±i>-y- mmw-4-3 5 8 3 1 o*t& 40 

att#B£fii*.. -#©3&&tt#Jf CF eMnTtt*5 

$ n-r v >F-r y^-m&tu^x^o. &mm&fr 

AMR (An i sot ropy Magneto — Re 
sistivit y) fe<fc0^etCgnT*0> 
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H)tSnfc!S«ft«:Ji. BPt>. fcf> F (pinned) 

[0 0 0 5] COTftSMEffi#LTgilffflXf>i:. 

«»©#«.. hps, saaiaftii^ "5 

[0 0 0 6] C©^Xt>A;uy^S^Hr->-tr©5ci 
A*;U^e»ffiin;ir>-y-_ mi¥6 - 2 2 3 3 3 6^1 

#HB) j tfMsfssnr&o, cofiTJi' (— S) 

x ¥>rt)vzrm'M*mm bfc *>©-?& o . z.<nmmz£. 

[o o o 7] d<73^7 : iT;uxtf>A*;i-7m^ 
fitfiir ->-»©S5l«tt*l!B t l/TjillJ^*ST*S P d 
• P t • Mn t^;t*£- G&g&€>fc£. f£K^8 
-2 5 7 0 6 8##fig) Cte, fie*©?F«IiJ'&ifefflT*' 
SFeMnt IIS* 0 . ±T© £* © : fc° > F H (CM LT 
AW ' ttfT'^Ztzib. 

*«ac»j*-r.*ct*^**. bps. ft*, s^ssi* 

{*:Bi:bTffll/>T3l5fcF eMn®^ Ktt. f cc (I 

&<h&e>&i^©T. fa7;we >;N*^7a^e*n:-tr > 

-tr©±S6t: > FJf t UTffl l^>^ Z Lifi-£gfc^ t tV^ 

[0 0 0 8] HT, B7^#iLt, «Ejf£©xt:>;t 

-5. • 
1.7 (a) #M 

17- (a) f±. ^©T.t^AVWt/^^WSSfaSWS^ 
Hit* 0 . St*. X7-f ^-«)S»<!:)S;5A1 2 O3 
-TiClS4 1±JC, Al 2 0 3 g4 2$^l/TN i 
^e#4»*6ft4TFI'/-JH«l4 3 SrlStt. 

A 1 2 Os ^©TSBU - F^V s» -/I4 4 Sr^ttfc 
©■fe. N i FeS:t^CoFe©ffl*«jg*©^ttB^ 
f,&5 7'J-14 5. #ai4®T*-5Cuit 1 P B 1B4 6. 
CoFeH*^&it;>HI4 7 1 PdPtMn 

^f.^2.E^«i4ft:S4 8Sr«B^-B-reasin:5am 

[0 0 0 9] m$kt&&%)%:mT*:ffife<D&mz 

=,>ifvtc(o't. m%&Vi%}mm z f-v>mi%izvfm. 
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tu &t,>-e. nzt, A 1 2 0 3 «8^£>fc*±8B«J-F 
^•^15 O^l/TN i F e£■&3;;fr6?5c•5±gBv' 
-;^^ ^ /f 5 1 £!S:tt-5C<hlC<J;9. X if > /W/m^o) 
ti.&, ?gl©&#£ep 

CO 0 1. 0] CWXt^AVk^iTflCfcttS'J-h'^-v- 
yyil T»iJ-K^ty^i4 3. 7 'J HI 4 5 755 
KKBttfMi4S..&V. ±»'J 7^14 9OT 

[0 0 11] 07 (b) #JR 
07 (b) 13. Ifc&OTx ; a7 )VX\iy ■WJMTOtim 

liOj-Ti Cg&4 1 _tlC. Alj0 3 l42^ 
LTN i F e^^7)^/j:STgp->- )U^M4 3 £1$ 
It. A 1 2 O3 ^S75c-5T8B'J- K^r •> 7" 

S 4 4£tattfcOT-t3.. P d;P'tM.nfOgjS8ffift85 
2. CoFe^b?5c-&tr>h*li5 3. CuW5 

4 . N.iFeROtCoFe ©M/lfif jg3?OT 7U-I4 

5. CuWi.4 6. -Co-Fe e>HJi4 

7 . £.t*. P d P t Mnf *f.&5Sl«)4*l4 8 ^ 
«H-S*T««itt»**f t Wra 7^X tr > 

[0 0 12] ^JSttaJftJtfFSrJJrfcOTfcttC 
/^-->^LfcOT^, -«A&#&&X?©Pf*(::wtt 
UttA u 6&£*«l£*i§«£-ttT'J - K ftffi 4 .9 
tU SfcHT?.. fttf. A 1 2 O3 #*>e>?5c£±8B'J-F 
=Ft7^I5 O^LTN i-F e£&f?*>6fc£±g&-> 

-/u-FJis i digits cticfco-. xiT^xtr>/\*;i' 

7*?OTS*#tjS7it^-r-5. 75c*5. £©«£*>. Sgl 

£B«rf 5?g 2 ©«#£!$* Lfctt^TiMWI£fToT 
E»«tt#«48. 5 2©^7jl°l£»srf-5C<*:»;:J; 
oT. fiSmfiM^^^OTS^jgS-^-r^.. 
[0 0 13] COTx3.7;UXtr>A'JU7*^(Ci3tj-.5U 
-H=ffvyil Tg&'J-F^-yX"/^ 3. KttOHi 
#S5 275MS^«tt^e4 8. SIX. ±SUU-H^f 
^T'14 9OTMJPSr^H-bfcF H 1Slt^-5. 

[0014] dOT^7tr>A*;i/y^ic43^r«. tr 

>Fff4 7, 5 3 OTfiHfc^ffoHi, *4rR#«tt«:Jg4 
8, 5 2OTiK^(SltCH^5n. -7j. 7'J-i4 5OT 
Kfc^(6]t±tT>Kl4 7. 5 3OTJK(b*(6)tf$f^itt5?U 
fc7jffl<fci5CO. 'l*t©'J-F«ffi4 9-|BU::-fc>X«i6«: 
SS-rctlCfcoT^SSWttHgii, BPfc. «gtlB»«t**> 

[0 0 1 5] ifi¥©3>tr^-5'fflllg|2S5 ; ^7i7OT 



4 

SBS^fitt^rai. 6tefcOT7.tr- 

•y ^(it^^maffitt^af^fliOTaaiJboifttifOT^s 

OTT. C<DJW»SH8*#«lxTRWf-5. 

[0 0 16] 0 8#B8 
0 8 tt. ffi&fCE&ilSfr 5 6 C*t-r*±T©«^->-7L> F 
10 g©fflSScL BPS, U-H*ry7 r tlB»«flEt©rt(R 
1 OTiS^iaT^O. TS»->-;>K®4 3 L±M^-)VVm 

4 9 ttii^snfcaajfitts***?- 5 5 a. misjts 

*»E-Wi#5 6»ifi»S*ifctf-y KSLb ©ffi&fc'-y 

*i3HSfy F5 7©fcf-y hSLb tC^LTj£<^0T^ 
*i. «*#*©E»fcfv h 5 7.fiW©«a5-r*E»t 

T. fg^»«©EStr-y F 5 7J^©|?!M£rf3E&b'-y 

h 5 7 <Dm^f3-y-)i K@ 4 3 r^±sb->-;p fs 

20 4 9 t«toT©i{2Sn5i-5C. 'J — H^ty7*d(l 
[0 0 17] 

[^WA^8lt.«fc-5fr«)5t@] 'UfrU iE^OTjl^ 
*=r4 TfcOTilSCfl^.. ^t^c X^gg© £ 6 75c -5 
W«*fl:*«S-»S*l..-JI»*fl:K:f|5-3TE»tfy h 5 7 

fy7"d *>£ <SK«<T*\2.£jS«fe C. -&©£:«£>(::«:. 
T» 'J - F * * 7*14 3 & tf±* 'J— F^-v y7*4 9 
30 *»Jifl;f**». 5 5g#£ 

[0 0 18] LA>U TgB'J-F*^ y:/g4 3&yc± 
SBU-F^Y -y 7"4 9 *'j»J|flsLfc«^. 'J — h'^r -y 
:7B©«»WJE»<HSi:J5c»K U- ; y7®©*^ 

[0 0 1 93 -77 . «atStt5»**^ 5 5 *»IB<br-5 
4fttftJIJPtf-**fr>£3fettttttJf4 8, 5 2OT 
»itfl:!ii»»t)»*ttTtt**jfi«. 5ilft*l4 8, 5 
2©S/l&»<-r-2>«h. tT>KS4 7, 5 3©fi8<b7j|»l 
40 ©H^75i^<75cO. ^#tt©*{k> 4#C tttitttil 

[0 0 2 0] Lfc#t>T, Sl^ttS^kS 
C <h75K . "J — H^-v -y 7£»* V v ^k"r?> C t 

[0 0 2 1] 

Iti@£fi?&-r3fc<6©¥a£3i9i-f&. t5c*. 01t±, 

x tr>/^7^©«BSMs&?ef®s-c*-5. 

50 
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( 1 ) < 1 1>; 1 m<DK®Mte$M 7 S# • - v 

b. tt*"©.».ttK:/^^— ->yan'fc««»t(t«*it4 . 

~7. Rtf. U-H^r-y^W3, 9«;^UT^etr[ 
[0.0 2 2] CC^tC <!>&< tillWSMft*! 

[0 0.2 3] (2) ktc. &km\*> ±te (i) 

[0 0 2 4] CC0«IC. Afftff&£tt£&^jiuii?-<z> 
>F»6KttT*B£«a£ffi*t:*;i£?i<. U-F 

[0 0 2 5] (3) *»9JW;. ±fB (2) tCi5H 

57U-I4, »tt!5. l«£tJ;©«ttit^6fe* 
tf>FJf 6. 2fctf,.-R3*«tt*i 7 
;jg t 4 o T H -5 d t i -T.S . 

[0 0 2 6] _h!B£> (2) «B^J£tn&&*I£ .4 

~7*«, 1 MedOlttlt^ 64* 7 '] - ■ 4 . 3M8tt 
15, !JlU±©«Mtj5»&fc*fc!>FJi6. Rtf. R 
^mttffS 7 <£)®^«® 6 4 * > > iWX 

*5, KSMKtt&B 7 tt, S&iMtCfSttTfeJl^vL. ■£ 

; v»tt, . Igjg^$i4 r 7 .©gLt&£bTfc£^fc© 

[0 0 2 7] (4>.*fc.'-*5MHB. ±SB (2) {Cfe^ 

&57«j-i4. #ietejf 5, ijia±©a«tiw»s&---... 
*'k>hji6, s^istt^&7$rm^ag$-ii-fc 

[0 0 2 8] ±IB0> (2) (DtflJ&te. 

#E£ttH. ilf«±rofiSttlgi*643-7U-JI4. 

*. 4*5, ««3 8 HU 'tft 1 S'©K»tttf #« v 



: 6 . 

v t*~jjizminizk^b<DT$>io* Mjj\zm-ffc.m-& 

fC, K5U-l < #t'y7 , ft;.0ft^tS:5. ■. 
[0 0 2 9] 

' • mWW&MVBm) CCT, 0 2&.tf0 3£#tlb 
' T, i cbSISSco^lirox fcf >/<)l7m? (om. 

02 (a) #B8 

■ tf.' A 1 1 oj-Ti c*« i' 1 itc'x/w* u >y 

2 jim©A I2O3II 2S«S$tffc©*.. 

47>*£>. JP£#V 0H3.H 3/tra©N-i Fel^ML 
TTSK^-^HS 1 3 tb. *l»T. X/t>y^ij>ifjj 
<fcffl^T."j?$*«. 0<l>U£. 5 0 OA (=5 0 rim) 0) 
AI 2O3 K*««a.#TT»U- F^r 7 7"'i l 4 «t 

[ 0 0 3 0] #C</>T-,- 7>\±>W?mt LT. 3 0 O e 

If £4£JP£W. m-7L&. 5 0 A(DT aflg 1 5 £ffi^b 
fcro-S. mX\%. 4 0 A<DN i F eT'J-B 1 

20 6 . 2 5ACoFe7 l J-I17;-f 

$*t, fl^iJ, 2 5 Ac0C u4"Fb1S1 8 . @a»i. >Jx 
2 5 ACDC o F e fcf > FH1 9> Rtf, 0 
6~3 0 0A. W7L\Z> 2 50A©PdP t.MnSSS 
ttft:I2 O.SriB*«JiS-e*. 4*. u©«&©N.i F 
eCOtflfiEtt, Wl>t«. N i 8iF e igT-fcO. C.o.F'e© 
m.mt~ Co9oFeioT*0. PdPt 

MnCDM^tt. '09 A Pd 3 iP tnMn 5 2T*-5. 
[0 0 3 1 ] K^T. C o F e e> Hi l 9 (Dfi8lt;7j[p] 

30 10 0 k A/m<DW.m&®$:QltialsUtft>* 

T2 3 0X:-Cl~3mr3V>f£9&m$:ffo ttCi^TP. 
d P tMnSMti 2 0©«ft7j[6]€r&fflJbitiS^ 
e*w^(Sifr*. 4*5. -cd«^. 2 3 orrogtsas 

±SIC*5^T, Cuf>P^I18S«^T5CutN i F 

e y v-m 1 e t<Dffl<Dmm&m<*ktit£.^£.?iz. m 

f ro^lcA'J 7Itft4C o F e 7 U - 1 1 7 £R»*T 
7 'J -B* 2 H«jg fc UTV»*. 
[0 0 3 2] 0 2 (b) #B8 

l/-7Xh/^->2 lSrVXi/tbTAr-fxj- 
40 >*fflt^cf^>5U>^*SST-t{C«toT. PdP 
tMn^mi2 0©RSt®«i:4*^W^2 
0~10 0A. Mil 5 0AS1-«t'5{-X-y5 l >^b 
T. 0iJxtf. 5 0 AcD»Bfc8&2 2^^T 

-5. 

[0 0 3 3] 0 3(c) ' 
^C^T. VitT. Vn?— >2 1 S:^*b7t(0^, frfctC 
7*M/^hiift. =>i^r*wi:KJ:o 

50 PtMnSSW12'0MTail 5^®*?X<y^ 
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[0 0 341 @3 (d) #fig 

Y>\a>-y (mnkVT) fcffl^&'J 7 b*ymiz£^>T 

mztf. m&iz, 1 2 o o AcDwm&mm? •scttc.t 

XA7^U>^l;,toT- .*S3&t. 5 0 OA 

®A 1 ? O3 K*it«S-B:T. ±«'J-K4 ! ty^l2 

d = 500 + 50. + 40 + 2 5 + 25 
= 12 15 (A) 
tteO. Mft:as.2 2£igtt&t,>i§3-<z)i 4 15 Atcifc 

[0 0 3 6] CCOSHc. PdPtMnSSItt«:l2 0 
0m®gt*£lcSJI{fc;gB2 2 fe»(tfc*-&.- C o F e fcf> 

MfS$tt5PdP t MnS3fi«tt*JS2 O©^* 
iCtO/WZXSnfcCoFe tf>KJii. 9<Dffimzft 
m-TZ>mitljfil®7£JjiZ<i: 0 C o F e tf > h'jf 1 9 ©4" 

[0 0 3 7] friz, 04&tf0 5£#BgLT, ^H^co 
312 CO^CD^CDxa. /Vl^X fcf>A';i/:/3i?^©8Jj§l 



8 

5£U SftmflMy^SUCfcoT. 
MAtf. 3. 8tfmONiFeISffil8U±S-/^ 
■H J§ 2 6 t-T 3 c <h IS J; T > > SOPX bf wwi/rut^- 
[0 0 3 5] £«)«&«)rj-^ t ^^dtt. KJIftffi 
2 2 t«»*fcffiWC£***T«5'-JI/HJi 1 3 &±ffl!-> 
-)V KB 2 6 ifflPBlfflfslUti^: 0 , Lt^ oT , 

+2 5+50+500 



20 



04 (a) . 
St*. AhOj-TiCS 
ffi£J?£ 2 nmfflA 1 2 O3 i 



SI 1 ±HX/t y^ ij >y 
1 0 OOe©fi8#£EP2jnb 



J»$*t, 3 wmCDN i F eSU^jgfigL 

TT,B8->-;P KS 1 3£Lfc©-£. Stf. [,yXh/^ 
->2 7$7X^lfcM8^ 7 ^S ffi ^ Tl 1 
0 OOe»®|5l^3lJpb?i75i?> v 0iJ;U£. 2 0 

0 AT, mifiQ. 5 /tmfflN i F e^0±tfSB2 8£jg 

[0 0 3 8] 04 (b) 

UisX Kn*->2 7£§fc=feUfc©5. X/W 
3"J >^ffi^ffl^T. JP£#. flj^tf, 5 0 0 ACDA 1 
2 O3 il.*it«S#TTW'J-r- K*+- vjm 1 4iU 

I'S?* bW—>2 9&®V1ZC»1E>. 3 OOe 
©atl^BJJnLfcj&fSX/WsJ' 'J >ys$ii>T, 3 
**• fllAtf. 2 0 0A©PdP tMnMta$tT. 
Ne F eSgD±tfgB2 8 fCj^gMSrif J&j&tJP d P t 
MnfamU3 OS-psTT-S. 
(0 0 3 9] 04 (c) gtJSi , 
*^T. U>?X Y>\*->2 9Srp5fe-r-5d<tlC«fco 
T, ^H/^->2 9±l:mfcPdP tMnl 
t>HI*K:|»*b&0^. ^pC, 3 0Oe05 

**. WAtf . 5 OAOPd P t M n MM® 3 i l m$ 
W^tf. 2 5AcDCoFe tf>H@3 2, Jf£#. 



2 5A«Cu#lI3 3 1 JP£t5*. 2 
5AfflCoFeI/2 0 AfflN IFel/2 5 A(DC 6 

«. 2 5A©Cut"Pail8 > )|S)i{ 1 25A 
©CoFe fcf>K® 1 9. HkZf* JP3*si 0 0~3 0 0 
A. MiUZ. 2 5 0 AcOPd P t M n R&m&#m 2 0 
*I*Si$t5. dcD^^-fe, N i F eCDfi^ 

fi. tflxti. N i 8iFeut*f)> CoFeCDjafiKH, 
09*ti v Co9oFeioT*0. PdP t Mn»I 

f&te. mk.\Z. P d 3 iP t i7Mn 52 Tafe-S„ 
[0 0 4 0] »>T, CoFeE>H119, 3 2©ffiS 

-T-5^(p]cr) 10 O.k'A/mcDttfig^^^Ijtinb^^^. 
.«^72 3 OrTl-S^CO^MS^ffpriJCj; 
oTPdP tMhE£tttttt*2 0. PdP tMnW. 

mvrzm.iMmme>ijfatTz» 2 3 

oxipm&mxmtz^x. cutntn. 3 3.^1 

«nCut7'J-13 4^IM-5N i Fctcoralcp 
.30 +SS4£ft5:^dfe ISUV^-oiZ, C u tSll 8 , 3 3 'tN 
i FeiiCBCAU Jli^Co F e 

V [0 0 4 1] 05 (d) #fig 

^^T. ±B©*10SI|j6'©»iit*^«-H2 (b) £t 

t \Z <fc o T. PdPtMn R^jKtt^S 2 0 CD^ffim® 
£&-5g&#©<*.£2 0~1 0 0 A, 5.0AS-T 
.fc^fCX-y^^^UT. JP$*t. 5 0AQI1 

40 itW2 2*m%tZ>. 

[0 0 4 2] U>?X h/X^— >*^3fetfc05 

CttCi-pTJ^figLfcUv'X h/^- > (07jr£-f) 

Ct^Jt^T. PdP tMn5Mtt*l2 0MPd 
P t Mn^i?aS3 0S:S«X-y5 1 >y-r-5C:tfC«toT 

m?Mmzmm-rz>. 

.[0 0 4 3]^iT. l/yXh/^->Stil / fccD 
50 K^7ttfc«koTJl$^. 1 2 0 0A©WIS 



t#PI2000-163717 



9 t 

'#J;lfcC. 5 0 0 A CD A 1 2 0 3 iS*«cltT, ± 
SPJ-h'*vy:/J#2 5il, .8S?iMM- ; y * 

ffifcio-T, 3. 8/imCON iFeI 

[o o 4 4] ccoi&rou-^-K^t -y/dfi. IVJIfctt 
2 2Sy=N i Fe&9±frfg&2 8 fc&ttJt&SKiitt* 
TSEv-^KJl 1 3 i±ffl5->-^ FS 2 6 t©r»1fflP B 1i 10 
tfiD. LfcAbT, d = 500 + 50+25 + 2 5 + 
2 5+ 2 0 + 25 + 2 5 + 25 + 50 +.5 0 0 = 1 2 7 
0. (A) <t&0, j$B{tiS$2 2RtfN i Fe!§0±tfgB 
2 8 ZmifJi^ttO 1 6 7 0 AKlt^T^ 2 4 %i(SS 

[0 0 4 5] PdP tMngMttfti2 

0 Wft!^fg«(C»Bfbg6 2 2 *WLttTz®?i. C o F e fcf 

y vm l 9 cD»KkSB2 2 (c^f&-r-5*i^©a:M«)^«8 

+-#&JP £ £*-T £ PdPtMn J5^^14^g 2 0 ©Pq 20 
>^{C i 0 AW tlfc CoFetf>h*ii9 ©MS (C 

-ftm-?z>mitJ3fami£tiiz£ o c o f e t°> kb i 9 © 

**SBcD8Hfc:£[6]@5£:*J feffi t>ti'. C o F e f > 

. K&3 2tcttLT*>. mfrmviztem-'j-Ltsii'^-tfttm 

J^tSPdP t Mnf$JPSB3 OtCefcOA'-f 7XStl; 
fcCoFe kT> FJf 3 2 CDffi*CftUfi-r-5«{t:&|6]H/£ 
^j{CJ; 0 C o F e fcf > FB 3 2 ©tf&g&GOl&fl^ftH/t 

[0 0 4 6] *fc. 0 6£#B3LT> #fPJJCD|g 1 Rtf 

^2o5^ia©^cD^0ijrosiwrSo 30 

06 (a) #H 

me (a) »*, *^Hj<om i w^oj^ii^^T* 

?5:MiSi&^-r-5>fcJ>6{C«> XS2<7)m 2 a>&%<Z)&tt£ 
*5tt-5S3 (a) ~03 (b) (CtJttSN i FeiOl 
tfg8 2 8St;PdP tMhl^JPg&3 0©^fi!cXg£^-tf) 

[0 0 4 7] C©mi<7)||JS©^W^fi«|(D«^fC 40 

6 ±te, iM^-)v vm 2 6 &TgB&«jf t-rs-r >y 

ft 5Ct*iT€r.S. 
[0 0 4 8] 06 (b) #JS 

0 6 (b ) tt, *5£W<Dm 2 <r)-?mv>teWi<z>g.mmT'& 

0, HBfrf istt, N i F e&9±tfS&2 8 

±i«<, TgPU- F^-v-y^S l 4±iv©$*^ 09* 50 



• •. • 10 

t£2 5 0 AcDPdP tMnl«fl:I3 5£igf6:*-t!: 
ifcCD*,. CoF e tf>F@3 2 CDit«X*g«P$<75Xg 

n. ±f2c7DB2 <Dmmomm^< mmiztrum^^ 

[0 0 4 9] cro, m2w*isro^w^^j<7)*^{c 

te, ^ 2 (D^SSOT^lid; 0 fcSjgXgtffSjSI'ffc-f 

[0 0.5 0] fc*s. 0^««BSTS^\ fa7Mt:> 
/\*;^^i«1-5P d P t MnSIIttftlW-* 

Kmz. mmmizwtmcP a p tMns^i4»wicig 

. (c) (OlgST^mK^f&LfeCDS. »I«2 2 5: 
l?W?.Ct^:<. 'J-K1I2 4. ±g6'J-F^\yT/ 
12 5, Rtf. ±S6->-;u KI2 6 £lg«-ntf &^=&<75 

[o o 5 i] *»h©*2SJS©»**8&9ilt* 
few, *5£w\t&mm<D&m\z$mi,tcffifj<,\zwit>tiz, 

&a«^S^aI^-r*-5>. .Mill ±tB 
Mn %mm&&MK%immm-Z&Z> PdPtMnSffl 

[0 0 5 2] ±l5«^JfS«^ffi(C*3^Ttt. N 

i F e . C o F e PdPtMnt LT. . 
N i 8iF e''ig.' CogoFeio. Pd 3 |Pti7Mn 

[0 0 5 3] Sfc, ±.id.<D&f£W<D& J £ifo(D]&m<Dt$iW 
tC*3^T«, StStLTA 1 2 Oj-T i C«S5ffl^ 

[0054] iM<D^2(D^m<^mm<r>m.m\zio 

tiTJi, N i F e!SO±tfg52 8$:^-r^^iC. SJ? 

m^td^-ys. i)>tf\z£r>mm&x.y^>>fr2>z.i: 

\Z&^TaVim&W&Ml$.VT<b&\,^<DT-3bZ>. 

[0 0 5 5 ] ±Ero^2OT||JgcDJ^Ii©^tCi5 
t>T»4. PdP tMn^J5SB3 h^^fectO 
Ml/Tt>5^.- 'J 7 h*7mzm.£>tlZ ; b<DT-\tf3. 



' ( 7 ) 

U ' 

<, PdP t Mnm&mffit>m¥-MiztSiZ>J:5lzm<& 
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